Objective The aim of the present study is to investigate the biomechanical stability of different subtrochanteric osteotomy types and graft positions in cases of dysplastic coxarthrosis that require total hip arthroplasty with shortening osteotomy, as well as to find out the most effective osteotomy type and graft position. Method Femur sawbones were used to compare different types of femoral shortening osteotomy (transverse, oblique, and step-cut). Strut grafts, which were prepared at the side of the subtrochanteric shortening osteotomy, were fixed in different positions (anterolateral, mediolateral, and anteroposterior). The fixation of the strut grafts was performed using two steel cables (with 2.0 mm of thickness) with the same strength. The failure values of composite femurs were recorded for axial and rotational loadings. Results Biomechanically, there were no statistically significant differences between the types of femoral subtrochanteric shortening osteotomy and the positions of the applied strut graft. Conclusion No superiority was observed between the types of femoral subtrochanteric shortening osteotomy regarding stability. Additionally, against stress, similar results were obtained for different strut graft positions. In conclusion, we believe that using the method in which the surgeon is experienced and that is the easiest to apply would be the best choice.
Introduction
Hip joints provide an anatomical structure that is connected to the lower limbs of the body to ensure an upright posture and balanced motion. These joints are formed for unlimited modifications and amplifications of basic movements such as force, movement, effective walking, running, jumping and climbing. 1 The hip joint is the most burdened joint in the human body. 2 For this reason, there is a potential risk of naturally developing degenerative arthritis throughout functional life.
3
In a hip joint with degenerative arthritis, the main purpose of the treatment is to relieve pain and create a range of hip joint motion as close to normal as possible. It is currently not possible to restore the hip joint, which is affected by many factors and worn out due to the physiological nature of the cartilage structure, to its natural structure. Methods such as osteotomies, resection arthroplasties and hip arthrodeses, which were designed to balance the load distribution affecting the hip and to relieve pain, are still used whenever necessary.
4,5
Total hip arthroplasty is an alternative solution for the problem. Initially, cemented total hip arthroplasty applications were used, but they are progressively being replaced by hybrid and cementless systems.
6-8
Developmental dysplasia of the hip involves a wide range of pathologies, from a simple hip instability consisting of capsular laxity to complete dislocation, in which the femur head is located completely outside the acetabulum. 9 Cases that cannot be detected at an early age can cause hip osteoarthritis in young adults.
10
In patients without early diagnosis and treatment, as well as in cases of inadequately treated young adults, acetabular and femoral osteotomies have been applied to prevent osteoarthritis and other pathologies that can develop secondary to dysplasia. 3, 11, 12 Despite these surgical interventions, degeneration and osteoarthritis of the hip joint may still develop. In patients with pain and functional limitation due to osteoarthritis, the results of total hip arthroplasty are successful and satisfactory.
13
The aim of the present study is to biomechanically compare the effect of graft positions and subtrochanteric osteotomy techniques on the primary stability of total hip arthroplasty requiring shortening.
Materials and Methods
The suitability of this study was approved by the Fatih Sultan Mehmet Education and Training Hospital Ethics Committee.
A total of 63 composite femurs (sawbones, item number1130 medium-left, TST AŞ, İstanbul-Turkey) were used for each loading experiment. They were divided into three groups according to the type of femoral shortening osteotomy: transverse (TO group), oblique (OO group), and stepcut (SO group), and each group was divided into three subgroups according to the graft positions; anteroposterior (AP subgroup), mediolateral (ML subgroup) and anterolateral (AL subgroup).
A 4-cm segmental bone resection (shortening) was performed in thr subtrochanteric region of each femoral sawbone according to the type of osteotomy of the group. The osteotomy sides were calibrated with a Vernier caliper (Astor Vernier, Calipar, China) and marked with a pen. After the osteotomy was completed, the resected bone was cut vertically into two equal pieces of grafts that were positioned
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anteroposteriorly, mediolaterally and anterolaterally, centering the osteotomy side, and fixed with cables around each composite bone (►Fig. 1). This procedure was repeated for each bone according to the type of osteotomy of the group.
For the fixation of each graft, 2 bone cables (Accord cable system, no. 7136-0005, Smith and Nephew, Memphis, TN, US) tensioned at 50 pounds per inch were used. Splinted conical stems (Wagner cone, size no. 21/135, Zimmer, Warsaw, IN, US) were implanted as femoral prostheses into each bone.
Axial and torsional loading experiments of 2500 N and 200 N respectively were applied to the composites bones. The experiments were completed in a biomechanical laboratory with a test device (Instron, SHIMADZU 10KN AGS-J; made in Kyoto, Japan, 8802 load cell). The loading rate was of 5 mm per minute for all samples (data rate of 50 ms/200 Hz).
14 Results All samples were tested until failure. The values of the breaking stress for each of the samples was measured. In every sample, the composite femur material was fractured from the distal end of the femoral prosthesis component. The results of the axial and torsional loadings are shown in ►Tables 1 and 2.
There were no statistically significant differences between the types of osteotomy when the graft was positioned anteroposteriorly, mediolaterally, and anterolaterally.
There were no statistically significant differences between the types of osteotomy and graft positions between and within each group.
The statistical analysis was performed using the Statistical Package for the Spcial Sciences (SPSS, SPSS, Inc., Chicago, IL, US) software, version 16.0. The data were analyzed using descriptive statistics (mean, standard deviation, median, frequency, percentage, minimum, maximum). The KruskalWallis test and the Mann-Whitney U test were used for the comparison between and within the three groups.
Discussion
In 1973, Charnley and Feagin 15 reported that total hip arthroplasty should be avoided in dysplastic hips, especially in cases of Crowe type 3 and 4 dislocations. 15 However, with the development of new types of prosthesis and techniques, total hip arthroplasty has begun to be performed at younger ages, even in cases of dysplastic hips.
16,17
In the surgical treatment of coxarthrosis due to developmental dysplasia, it is widely accepted to lower the acetabulum to its true level. This helps reduce the reaction force of the joint, increases the abductor lever arm, and, consequently, improves the gait function and prolongs the mechanical survival of the acetabular component.
18
Total hip prosthesis application in coxarthrosis secondary to developmental dysplasia can differ significantly from the application in primary osteoarthritis. The proximal migration of the femur creates anatomical and biomechanical changes in the bone and soft tissues, and these make the application of arthroplasty technically challenging and more prone to complications. 19 Many authors have emphasized that femoral subtraction osteotomy should be performed to prevent neurovascular complications in Crowe type 3 and 4 hips, which are not submitted to reduction.
19-22
Two major types of femoral subtraction osteotomy have been described technically in the literature: 20,21 the proximal femoral resection and distal shifting of the trochanter major, and the subtrochanteric metaphyseal shortening without the trochanter major osteotomy. Without femoral shortening, it is almost impossible to bring the femur head to the true acetabulum level. Therefore, subtraction is the standard procedure in these patients. When the clinical series in the literature were reviewed, we observed that the authors chose the osteotomy technique based on their own clinical experience. The average shortening ranged from 3.1 cm to 5 cm in various series. 23, 24 In the present study, 4 cm was applied considering these values.
14
The purpose of using a composite femur is to set up experiments at the highest level, without the difficulty of storing cadaverous specimens, and to standardize the conditions, such as the material used and the commercial suitability.
There are various studies on the effect of joint reaction forces and joint surface pressure distribution on the hip during single-leg stance and walking. 25, 26 In the present study, 2.5 kN were chosen for the axial load, which is $ 3.5 times the average adult body weight. Large numbers of biomechanical studies have been performed with trochanteric and subtrochanteric osteotomies, as well as with pelvic osteotomies related to total hip arthroplasties. However, according to the current knowledge, there is no study on the position of the graft applied in total hip arthroplasty combined with subtrochanteric shortening osteotomy. In the present study, the osteotomy methods and the relationship of stability according to the graft positions in the osteotomy line were investigated. There was no statistically significant difference between the osteotomy methods and the graft positions.
Gotze et al 30 investigated the need for extramedullary fixation in transverse subtrochanteric shortening osteotomy, and found that intramedullary stabilization is related to the cross-sectional geometry of the femoral component, which is also related to distal rotational stability. difference between the types of osteotomies in terms of stability, but that osteotomy line grafting increased the stability individually. Our hypothesis is that the graft applied to the osteotomy line is easier to position anterolaterally, and there is no biomechanical difference in terms of stabilization together.
The present study may have some limitations. As the tests were performed in vitro, they do not contain the effects of muscle and ligament structures. Cadaver or finite element analysis studies involving these parameters can be designed for this purpose.
Conclusion
In the current study, in cases of dysplastic coxarthrosis requiring total hip arthroplasty with shortening, osteotomy methods and graft positions were investigated and compared regarding stability before the consolidation of the bone line in the osteotomy line. We found that different subtrochanteric osteotomy types and graft sites have similar resistance against strength and stability.
As a conclusion, due to lack of superiority among the existing techniques, it is suggested that the preferable method is the one that is the easiest to be performed and in which the surgeon is most experienced.
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